Highlights from recent literature by unknown
Gold Bulletin 





1.1  Exploring stereoselectivity of Au25 











Ph) nanoparticles are explored as a 
stereoselective catalyst for hydrogenation of  cyclic 
ketone to one speciﬁc isomer of  cyclic alcohol 
product. A complete (~100%) stereoselectivity 
is obtained. Yan Zhu, Zhikun Wu, Chakicherla 
Gayathri, Huifeng Qian, Roberto R. Gil and 
Rongchao Jin, Journal of  Catalysis  271, 2, 2010, 
155. The catalytic performance is correlated with 





 superatoms, in which the electron-
rich Au
13
 core activates the C=O bond, whereas 
the electron-deﬁcient Au
12
 shell provides active 
sites for H
2
 adsorption and dissociation. This work 
demonstrates promising catalytic performance of  





 superatom catalyst may be explored as 
hydrogenation catalysts for some important chemical 
processes.
1.2  Process for production of allyl acetate 
production catalyst
An allyl acetate production catalyst comprising 
at least (a) palladium, (b) gold, (c) a compound 
containing at least one element selected from 
copper, nickel, zinc and cobalt, (d) an alkali metal 
salt compound and (e) a carrier, is produced by a 
process comprising step 1 in which a homogeneous 
solution of  a palladium-containing compound and a 
gold-containing compound is supported on a carrier 
by contact therewith, step 2 in which the carrier 
obtained in step 1 is contacted with an alkali solution 
for impregnation, step 3 in which the carrier obtained 
in step 2 is subjected to reduction treatment, and 
step 4 in which a compound containing at least one 
element selected from copper, nickel, zinc and cobalt 
and an alkali metal salt compound are supported 
onto the carrier obtained in step 3. The obtained allyl 
acetate production catalyst has minimal reduction 
in activity and improved selectivity, when used for 
production of  allyl acetate from propylene, oxygen 
and acetic acid. US2010099903 (A1).
1.3  Photocatalysis of Au25-modiﬁed TiO2 under 
visible and near infrared light





 was investigated. It induces oxidation 
of  phenol derivates and ferrocyanide and 
reduction of  Ag+, Cu2+ and dissolved oxygen. 
Electrochemistry Communications, 12, 7, 2010, 
996, Atsushi Kogo, Nobuyuki Sakai and Tetsu 
Tatsuma. Thermodynamically uphill reactions such 
as oxidation of  phenol accompanied by reduction 
of  Cu2+ are also driven. The photocatalysis, which 
is based on the excitation of  Au
25
, is observed even 
under 860 nm light.
1.4  Gold catalysis: In Situ EXAFS Study of 
homogeneous oxidative esteriﬁcation
Gold complexes were prepared and investigated as 
catalysts for the oxidative esteriﬁcation of  aldehydes. 
A. Stephen K. Hashmi, Christian Lothschütz, Martin 
Ackermann, René Doepp, Sankaran Anantharaman, 
Benjamin Marchetti, Helmut Bertagnolli. Frank 
Rominger, Chemistry – A European Journal,  16, 
27, 8012. Stabilisation by pyridine ligands gave 
good conversions and the in situ extended 
X-ray absorption ﬁne structure (EXAFS) study of  
the reactions indicated that the reaction mixtures 
contained only mononuclear gold species. Thus, this 
is the ﬁrst proof  for a homogeneous gold-catalysed 
oxidation reaction; the presence of  nanoparticles 
could be excluded experimentally.
1.5  The effect of reaction conditions on the 
stability of Au/CeZrO4 catalysts in the low-
temperature water–gas shift reaction
Au/CeZrO
4
 catalysts are highly active for the water–
gas shift reaction but tend to be unstable and 
deactivate with time on stream. In this study, H. Daly, 
A. Goguet, C. Hardacre, F.C. Meunier, R. Pilasombat 
and D. Thompsett, Journal of  Catalysis, 273, 2, 2010, 
257, in situ DRIFTS-GC was used to investigate the 
nature of  the Au under a range of  reaction conditions 
as the deactivation rate is observed to vary with 
feed conditions (water concentration, presence of  
CO
2
) and reaction temperature. An analysis of  the 
Au–CO bands during the reaction showed that the 
rate of  change in the Au0–CO bands correlated with 
the deactivation rate under all conditions. Although 
AuE+–CO species may be highly active they are very 
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unstable under the feed and, from a comparison of  
the behaviour of  the Au–CO species under varied 
feeds and reaction temperatures, it is proposed that 
metallic gold is the predominant active state in these 
catalysts for low-temperature WGS reaction.
Through varying the feed conditions of  the water–
gas shift reaction, it was possible to enhance the 
stability of  the catalysts signiﬁcantly. Following a pre-
treatment of  the catalyst under the full water–gas 




 and 7.5% H
2
O) 
and removal of  CO
2
 from this feed, the catalyst was 
found to be very stable. The extent of  deactivation 
can be altered by varying the feed conditions during 
a reaction. The discovery of  a way to enhance Au 
catalyst stability for the low-temperature water–gas 
shift reaction has signiﬁcant implications for the 
development and use of  these catalysts.
2 Chemistry
2.1  Carbon nanotube and gold-based materials: 
A symbiosis
Carbon nanotubes constitute a novel class of  
nanomaterials with potential applications in many 
areas. R. Singh, T. Premkumar, J-Y. Shin and K. 
E. Geckeler, Chem. Eur. J., 2010, 16, 1728. The 
attachment of  metal nanoparticles to carbon 
nanotubes is a new way to obtain novel hybrid 
materials with interesting properties for various 
applications such as catalysts and gas sensors as 
well as electronic and magnetic devices. Their unique 
properties such as excellent electronic properties, 
a good chemical stability, and a large surface area 
make carbon nanotubes very useful as a support for 
gold nanoparticles in many potential applications, 
ranging from advanced catalytic systems through 
very sensitive electrochemical sensors and 
biosensors to highly efﬁcient fuel cells. Here we give 
an overview on the recent progress in this area by 
exploring the various synthesis approaches and 
types of  assemblies, in which nanotubes can be 
decorated with gold nanoparticles and explore the 
diverse applications of  the resulting composites.
3 Electrochemistry
3.1  A study of localised galvanic replacement 
of copper and silver ﬁlms with gold using 
scanning electrochemical microscopy 
Galvanic replacement represents a highly signiﬁcant 
process for the fabrication of  bimetallic materials, 
but to date its application has been limited to 
either modiﬁcation of  large area metal surfaces 
or nanoparticles in solution. Anthony P. O’Mullane, 
Samuel J. Ippolito, Alan M. Bond, and Suresh K. 
Bhargava, Electrochemistry Communications 12, 5, 
2010, 611. Here, the localised surface modiﬁcation 
of  copper and silver substrates with gold through 
the galvanic replacement process is reported. This 
was achieved by generation of  a localised ﬂux of  
AuCl
4
− ions from a gold ultramicroelectrode tip which 
interacts with the unbiased substrate of  interest. The 
extent of  modiﬁcation with gold can be controlled 
through the tip–substrate distance and electrolysis.
3.2  High electrocatalytic effect of PtAuPd 
ternary alloy nanoparticles electrodeposited 
on mercapto ionic liquid ﬁlm 
A PtAuPd ternary alloy nanoparticle ﬁlm with high 
particle density and small particle size is fabricated 
on a novel mercapto ionic liquid ﬁlm via ultrasonic-
electrodeposition, which is characterized by 
scanning electron microscopy, energy dispersive 
X-ray spectroscopy, X-ray diffraction and cyclic 
voltammetry. Fei Xiao, Faqiong Zhao, Lizhi Deng and 
Baizhao Zeng, Electrochemistry Communications, 
12, 5, 2010, 620. Owing to the excellent poison-
tolerance and large effective surface area of  the 
PtAuPd ternary alloy nanoparticles, the resulted 
composite ﬁlm coated electrode presents high 
electrocatalytic activity and stability toward 
formaldehyde electro-oxidation.
3.3  Electrochemical properties of gold 
nanoparticles assembly at polarised  
liquid/liquid interfaces 
Capacitance measurements of  a polarised liquid/
liquid interface show that the capacitance of  the 
interface increases in the presence of  an adsorbed 
monolayer of  citrate-coated gold nanoparticles. 
Nathalie Younan, Mohamad Hojeij, Lydie 
Ribeaucourt and Hubert H. Girault, Electrochemistry 
Communications, 12, 7, 2010, 912. This unusual 
observation can be explained by an increase of  
the interfacial charge density or by an increase of  
the interfacial corrugation. This study shows that 
capacitance measurements provide a method to 
monitor metallic ﬁlm formation at ITIES.
4 Electronics and sensors
4.1  Semiconductor chip package system 
vertical interconnect
Stacked semiconductor chip package system vertical 
interconnects and related methods are disclosed. 
US2010084755 (A1). A preferred embodiment of  
the invention includes a ﬁrst semiconductor chip with 
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a surface bearing a plurality of  ﬁrst fusible metallic 
coupling elements. A second semiconductor chip 
has a plurality of  second fusible metallic coupling 
elements. The ﬁrst and second fusible metallic 
coupling elements correspond at the adjoining 
surfaces of  the ﬁrst and second semiconductor 
chips when stacked, and are fused to form a gold-
tin eutectic alloy fused metallic coupling vertically 
interconnecting the stacked chips.
4.2  Fabrication and thermal analysis of ﬂip-chip 
light-emitting diodes with different numbers 
of Au stub bumps 
The thermal performance of  ﬂip-chip (FC) light-
emitting diodes (LEDs) with different numbers of  
Au stub bumps has been investigated by using 
thermosonic bonder. Cheng-Chen Lin, Liann-
Be Chang, Ming-Jer Jeng, Chia-Yi Yen, Atanu 
Das, Chung-Yi Tang, Ming-Yi Tsai and Mu-Jen 
Lai, Microelectronics Reliability, 50, 5, 2010, 683, 
2009 International Electron Devices and Materials 
Symposium (IEDMS). The LEDs were mounted on 
the aluminium nitride (AlN) sub-mounts which have 
superior thermal conductivity (230 W/mK), and 
the high power Chip-on-Plate (COP) package was 
proposed to be used for our measurement. In order 
to understand the thermal performance of  the high 
power FC-LEDs, the experimental measurement and 
ﬁnite-element model (FRM) numerical simulation have 
been used. It is found that the thermal performance of  
our 1 × 1 mm2 FC-LEDs can only be improved when 
using at least 6 Au stub bumps as interconnected 
metals. Moreover, the surface temperature of  
FC-LEDs is signiﬁcantly reduced while using 20 Au 
stub bumps.
5 Medical and dental
5.1  Gold-coated stent coated/plated the 
chemicals and oligonucleotide binding 
gold-coated stent and process for 
producing the same
The present invention relates to a gold-plated stent 
and its preparation method. EP2167145 (A2). More 
speciﬁcally, it relates to a gold-plated stent that is 
coated with various chemical materials such as 2-
aminoalkanethiol, epihalogenhydrin, and diamine 
compounds in a sequence and also oligonucleotide 
gold-plated stent, which is prepared by binding 
oligonucleotide, a biomaterial, to the gold-plated 
stent coated with said chemicals. The oligonucleotide 
gold-plated stent of  the present invention has an 
advantage of  raising the local concentration in 
injured parts and minimizing the toxicity over all the 
body, so it can be used for prevention of  restenosis 
after angioplasty.
5.2  Gold nanoparticle-based signal 
augmentation of quartz crystal 
microbalance immunosensor measuring  
C-reactive protein 
A biotinylated anti-rat C-reactive protein (CRP) 
antibody was ingeniously prepared by the reaction 
of  the unmodiﬁed antibody with a water-soluble 
sulfosuccinimidyl-6-(biotinamido)hexanoate. N. Kim, 
D.-K. Kim and Y.-J. Cho, Current Applied Physics, 10, 
Issue 4, 2010, 1227. The molar biotin incorporation 
of  the resulting modiﬁed antibody was found 
as 5.82. A ﬂow-type indirect-competitive quartz 
crystal microbalance immunosensor system was 
constructed with the sensor chip immobilized with 
2 mg/mL CRP as the coating antigen. When 200 μL 
of  the modiﬁed antibody having the concentration of  
0.250 mg/mL was added with a streptavidin-coated 
gold nanoparticle (GNP) to the immunosensor 
system, the frequency shift obtained was 139.8 ± 0.3 
Hz. Compared to the frequency shift of  91.1 ± 1.3 Hz 
found with the addition of  the unmodiﬁed antibody 
only, the signal augmentation after GNP binding 
amounted to 53.4%, which resulted in sensitivity 
improvement of  the current immunosensor.
5.3  Rapid test including genetic sequence 
probe
A rapid test kit may have a genetic probe, and antibody 
detecting probe or a combination of  a genetic probe 
and an antibody detecting probe disposed within one 
or more test windows of  the test kit. A cellulose ﬁlter 
paper membrane with a ﬂow rate selected in a range 
of  about 0.04 to about 0.4 ml/min/cm2 is used in one 
example. US2010105024 (A1). The test kit provides 
for rapid screening for DNA, RNA or fragments of  
DNA or RNA in a bodily ﬂuid or antibodies indicating 
exposure to such DNA/RNA. The genetic probe 
may include single stranded DNA or a fragment of  
single stranded DNA, such as primer, immobilized 
on the ﬁlter paper, and a single stranded DNA, such 
as the same or a different primer, conjugated with 
a marker, such as a nanotube or nanoparticle. For 
example, a gold nanoparticle or a carbon nanotube 
may be used as a staining agent by conjugating 
the gold nanoparticle or the carbon nanotube to a 
genetic probe, such as a DNA primer capable of  
binding with a complementary DNA or viral RNA or a 
fragment of  one of  these. By comparing contrast or 
intensity of  a test spot to a standard, a viral load may 
be reported. By comparing a test region using the 
genetic marker and a test region using an antigen to 
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detect antibodies, a sensitive and speciﬁc test may 
be conducted during use of  a vaccine to determine 
the effectiveness of  the vaccine, for example.
5.4  Rapid colorimetric identiﬁcation and 
targeted photothermal lysis of salmonella 
bacteria by using bioconjugated oval-
shaped gold nanoparticles
Salmonella bacteria are the major cause for the 
infection of  16 million people worldwide with typhoid 
fever each year. Antibiotic-resistant Salmonella 
strains have been isolated from various food 
products. Shuguang Wang, Anant K. Singh, Dulal 
Senapati, Adria Neely, Hongtao Yu, Paresh C. Ray, 
Chemistry – A European Journal, 16 19, 5600. 
As a result, the development of  ultrasensitive sensing 
technology for detection and new approaches for 
the treatment of  infectious bacterial pathogens that 
do not rely on traditional therapeutic regimes is very 
urgent for public health, food safety, and the world 
economy. Driven by this need, we report herein a 
nanotechnology-driven approach that uses antibody-
conjugated oval-shaped gold nanoparticles to 
selectively target and destroy pathogenic bacteria. 
Our experiments have shown the use of  a simple 
colorimetric assay, with an anti-salmonella antibody 
conjugated to oval-shaped gold nanoparticles, for 
the label-free detection of  S. typhimurium with an 
excellent detection limit (104 bacteria per mL) and 
high selectivity over other pathogens. When bacteria 
conjugated to oval-shaped gold nanoparticles 
were exposed to near-infrared radiation, a highly 
signiﬁcant reduction in bacterial cell viability was 
observed due to photothermal lysis. Ideally, this 
nanotechnology-based assay would have enormous 
potential for rapid, on-site pathogen detection to 
avoid the distribution of  contaminated foods.
5.5  Potent immunity to low doses of inﬂuenza 
vaccine by probabilistic guided micro-
targeted skin delivery in a mouse model
Background: Over 14 million people die each year 
from infectious diseases despite extensive vaccine 
use [1]. The needle and syringe – ﬁrst invented in 
1853 – is still the primary delivery device, injecting 
liquid vaccine into muscle. Vaccines could be far 
more effective if  they were precisely delivered into 
the narrow layer just beneath the skin surface that 
contains a much higher density of  potent antigen-
presenting cells (APCs) essential to generate a 
protective immune response. Germain J. P. Fernando, 
Xianfeng Chen, Tarl W. Prow, Michael L. Crichton, 
Emily J. Fairmaid, Michael S. Roberts, Ian H. Frazer, 
Lorena E. Brown, Mark A. F. Kendall, PLoS ONE 5(4): 
e10266. doi:10.1371/journal.pone.0010266. The 
authors hypothesized that successful vaccination 
could be achieved this way with far lower antigen 
doses than required by the needle and syringe.
Methodology/Principal Findings: To meet this 
objective, using a probability-based theoretical 
analysis for targeting skin APCs, the authors 
designed the Nanopatch, which contains an array 
of  densely packed projections (21025/cm2) invisible 
to the human eye (110 mm in length, tapering to tips 
with a sharpness of  1000 nm), that are dry-coated 
with vaccine and applied to the skin for two minutes. 
Here the authors show that the Nanopatches deliver 
a seasonal inﬂuenza vaccine (FluvaxH 2008) to 
directly contact thousands of  APCs, in excellent 
agreement with theoretical prediction. By physically 
targeting vaccine directly to these cells we induced 
protective levels of  functional antibody responses 
in mice and also protection against an inﬂuenza 
virus challenge that are comparable to the vaccine 
delivered intramuscularly with the needle and 
syringe – but with less than 1/100th of  the delivered 
antigen.
Conclusions/Signiﬁcance: The authors results 
represent a marked improvement – an order of  
magnitude greater than reported by others – for 
injected doses administered by other delivery 
methods, without reliance on an added adjuvant, and 
with only a single vaccination. This study provides 
a proven mathematical/engineering delivery device 
template for extension into human studies – and 
the authors speculate that successful translation of  
these ﬁndings into humans could uniquely assist 
with problems of  vaccine shortages and distribution 
– together with alleviating fear of  the needle and the 
need for trained practitioners to administer vaccine, 
e.g., during an inﬂuenza pandemic.
5.6  Gold nanoparticles enhance the radiation 
therapy of a murine squamous cell 
carcinoma
The purpose of  this study is to test the hypothesis 
that gold nanoparticle (AuNP, nanogold)-enhanced 
radiation therapy (nanogold radiation therapy, NRT) 
is efﬁcacious when treating the radiation resistant 
and highly aggressive mouse head and neck 
squamous cell carcinoma model, SCCVII, and to 
identify parameters inﬂuencing the efﬁcacy of  NRT. 
Subcutaneous (sc) SCCVII leg tumors in mice were 
irradiated with x-rays at the Brookhaven National 
Laboratory (BNL) National Synchrotron Light 
Source (NSLS) with and without prior intravenous 
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(iv) administration of  AuNPs. James F. Hainfeld, 
F. Avraham Dilmanian, Zhong Zhong, Daniel 
N. Slatkin, John A. Kalef-Ezra and Henry M. Smilowitz, 
Physics in medicine and biology, 55, 11, 3045. 
Variables studied included radiation dose, beam 
energy, temporal fractionation and hyperthermia. 
AuNP-mediated NRT was shown to be effective for 
the sc SCCVII model. AuNPs were more effective at 
42 Gy than at 30 Gy (both at 68 keV median beam 
energy) compared to controls without gold. Similarly, 
at 157 keV median beam energy, 50.6 Gy NRT was 
more effective than 44 Gy NRT. At the same radiation 
dose (~42 Gy), 68 keV was more effective than 157 
keV. Hyperthermia and radiation therapy (RT) were 
synergistic and AuNPs enhanced this synergy, 
thereby further reducing TCD50 s (tumor control 
dose 50%) and increasing long-term survivals. 
It is concluded that gold nanoparticles enhance 
the radiation therapy of  a radioresistant mouse 
squamous cell carcinoma. The data show that 
radiation dose, energy and hyperthermia inﬂuence 
efﬁcacy and better deﬁne the potential utility of  gold 
nanoparticles for cancer x-ray therapy.
5.7  Peptide-mediated shape- and size-tunable 
synthesis of gold nanostructures
While several biological processes have been shown 
to be useful for the production of  well-designed, 
inorganic nanostructures, the mechanism(s) 
controlling the size and shape of  nano and 
micron size particles remains elusive. Jungok 
Kim, Youngwoo Rheem, Bongyoung Yoo, Youhoon 
Chong, Krassimir N. Bozhilov, Daehee Kim, Michael 
J. Sadowsky, Hor-Gil Hui and Nosang V. Myung, 
Acta Biomaterialia, 6, 7, 2010, 2681. Here the 
authors report on the controlled size- and shape-
speciﬁc production of  gold nanostructures under 
ambient reaction conditions using a dodecapeptide, 
Midas-2, originally selected from a phage-displayed 
combinatorial peptide library. Single amino acid 
changes in Midas-2 greatly inﬂuence the size (a few 
nanometers to ~100 μm) and shape (nanoparticles, 
nanoribbons, nanowires and nanoplatelets) of  
the gold nanostructures produced, and these are 
controllable by adjusting the solution pH and gold 
ion concentration. The ability to control the shape 
and size of  the gold nanostructures by changing 
the peptide structure and reaction conditions will 
lead to many potential applications, including 
nanoelectronics, sensors and optoelectronics, 
because of  their unique size- and shape-dependent 
optical and electrical properties.
5.8  Ion release from experimental Au–Pt-based 
metal–ceramic alloys 
The aim of  the study was to assess the effect of  
individual metallic elements within experimental 
Au–Pt-based dental alloys for porcelain veneering 
on ion release. Anthony Johnson, Takanobu Shiraishi 
and Samira K. Al-Salehi, Dental Materials, 26, 7, 
2010, 682. A binary Au–10 at% Pt alloy (AP10) was 
designed as a parent alloy. Six ternary AP10–X (X = 
In/Fe/Sn/Zn) and four quaternary (AP10–In2)–Y (Y = 
Fe/Sn/Zn) alloys containing oxide-forming elements, 
X and Y, up to 2 at% were prepared and ion release 
from the experimental alloys in deionized water and 
commercial soft drink was examined. For ion release 
determination samples with size 10 mm × 10 mm 
× 0.5 mm were immersed in 20 ml of  deionized 
water for 5 min. Samples were then removed and 
immersed in 20 ml of  Sprite Light® for a further 5 
min, and 2 h at 37°C. The amounts of  ions released 
in the test solutions were analyzed by inductively 
coupled plasma-mass spectrometry.
When looking at individual elemental ion release, the 
order of  the amount of  dissolved ions was Fe > Zn > 
In > Sn. Among the base metal elements examined, 
Fe showed signiﬁcantly higher levels of  ion release 
than the other base metal elements for all three 
testing conditions (P < 0.05). When looking at the 
effects of  test solution on ion release from the alloys, 
Sprite Light® caused signiﬁcantly higher level of  ion 
release than deionized water, with the exception of  
In in the ternary AP10–In1.0 and AP10–In1.7 alloys 
and the quaternary (AP10–In2)–Sn1.0 alloy, which 
showed similar or slightly greater amounts of  ion 
release into deionized water.
Signiﬁcant ion release was only observed from the Fe 
element. Sn and In elements showed less ion release 
than the Fe and Zn elements. Accordingly, Sn and In 
elements should be recommended as oxide-forming 
elements in Au–Pt-based metal–ceramic systems.
5.9  Tuning payload delivery in tumour 
cylindroids using gold nanoparticles
Nanoparticles have great potential as controllable 
drug delivery vehicles because of  their size and 
modular functionality. Byoungjin Kim, Gang Han, 
Bhushan J. Toley, Chae-kyu Kim, Vincent M. Rotello 
& Neil S. Forbes, Nature Nanotechnology 5, 
465-472 2010. Timing and location are important 
parameters when optimizing nanoparticles for 
delivery of  chemotherapeutics. Here, we show that 
gold nanoparticles carrying either ﬂuorescein or 
doxorubicin molecules move and localize differently 
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in an in vitro three-dimensional model of  tumour 
tissue, depending on whether the nanoparticles are 
positively or negatively charged. Fluorescence 
microscopy and mathematical modelling show that 
uptake, not diffusion, is the dominant mechanism in 
particle delivery. Our results indicate that positive 
particles may be more effective for drug delivery 
because they are taken up to a greater extent by 
proliferating cells. Negative particles, which diffuse 
more quickly, may perform better when delivering 
drugs deep into tissues. An understanding of  how 
surface charge can control tissue penetration and 
drug release may overcome some of  the current 
limitations in drug delivery.
5.10 Microglial response to gold nanoparticles
Given the emergence of  nanotherapeutics and 
nanodiagnostics as key tools in today’s medicine, 
it has become of  critical importance to deﬁne 
precisely the interactions of  nanomaterials with 
biological systems and to characterize the resulting 
cellular response. Eliza Hutter, Sebastien Boridy, 
Simon Labrecque, Melanie Lalancette-Hebert, Jasna 
Kriz, Francoise M. Winnik and Dusica Maysinger, 
ACS Nano, 4 (5), 2010, 2595.The authors report 
here the interactions of  microglia and neurons with 
gold nanoparticles (GNPs) of  three morphologies, 
spheres, rods, and urchins, coated with poly(ethylene 
glycol) (PEG) or cetyl trimethylammonium bromide 
(CTAB). Microglia are the resident immune cells 
of  the brain, primarily involved in surveillance, 
macrophagy, and production of  cytokines and 
trophic factors. Analysis by dark-ﬁeld microscopy 
and by two-photon-induced luminescence (TPL) 
indicates that the exposure of  neural cells to GNPs 
resulted in (i) GNP internalization by both microglial 
cells and primary hippocampal neurons, as revealed 
by dark-ﬁeld microscopy and by two-photon-induced 
luminescence (TPL), (ii) transient toll-like receptor 
2 (TLR-2) up-regulation in the olfactory bulb, after 
intranasal administration in transgenic mice, 
in vivo, in real time, and (iii) differential up-regulation 
in vitro of  TLR-2 together with interleukin 1 alpha 
(IL-1A), granulocyte macrophage colony-stimulating 
factor (GM-CSF) and nitric oxide (NO) in microglia. 
The study demonstrates that GNP morphology and 
surface chemistry strongly inﬂuence the microglial 
activation status and suggests that interactions 
between GNPs and microglia can be differentially 
regulated by tuning GNP nanogeometry.
5.11  Enhancement of in vitro translation by gold 
nanoparticle−DNA conjugates
Gold nanoparticle (AuNP)−DNA conjugates can 
enhance in vitro translation of  a protein. Enhancement 
occurs via a combination of  nonspeciﬁc adsorption 
of  translation-related molecules and the ribosome to 
the AuNP−DNA and speciﬁc binding to the mRNA of  
interest. AuNP−DNA conjugates enhanced protein 
production of  ﬂuorescent proteins (mCherry, eGFP) 
in retic lysate mixes by 65−100%. Gel electrophoresis 
was used to probe nonspeciﬁc adsorption of  the 
AuNP−DNA conjugates to the translation machinery. 
Sunho Park and Kimberly Hamad-Schifferli, ACS 
Nano, 4 (5), 2010, 2555. It was determined that 
nonspeciﬁc adsorption is critical for enhancement, 
and if  it was eliminated, expression enhancement 
did not occur. The interaction of  the mRNA with the 
DNA on the AuNP surface inﬂuenced the amount 
of  enhancement and was probed by expression in 
the presence of  RNase H. These results suggest 
that higher translation enhancement occurs when 
the DNA on the AuNP forms an incomplete duplex 
with the mRNA. Tuning the balance between 
nonspeciﬁc adsorption and speciﬁc binding of  the 
AuNP−DNA conjugates could result in the translation 
enhancement of  a speciﬁc gene in a mixture.
6 Metallurgy, materials and coatings
6.1  Near-bulk conductivity of gold nanowires 
as nanoscale interconnects and the role of 
atomically smooth interface 
Atomically smooth gold nanowires with high aspect 
ratios are grown using the seeded growth process. 
Kevin Critchley, Bishnu P. Khanal, Marcin Górzny, 
Leonid Vigderman, Stephen D. Evans, Eugene 
R. Zubarev, Nicholas A. Kotov, Advanced Materials 
22, 21, 2338. This allows control of  the diameter of  
the nanowires to a high degree of  precision. Two 
and four-probe nanoscale transport measurements 
reveal that the nanowires have low resistivity. Only 
a small increase in resistivity is observed between 
diameters of  29 nm and 185 nm suggesting that 
surface scattering is only a small contribution. 
6.2 Conversion of Ag nanowires to AgCl 
nanowires decorated with Au nanoparticles and 
their photocatalytic activity
A two-step approach has been developed to 
synthesize AgCl nanowires decorated with Au 
nanoparticles by using Ag nanowires as chemical 
templates. Yugang Sun, J. Phys. Chem. C, 2010, 
114 (5), 2127. In the ﬁrst step, the Ag nanowires 
are oxidized with FeCl
3
 followed by a simultaneous 
precipitation reaction between Ag+ and Cl− ions at 
room temperature, resulting in conversion of  the Ag 
nanowires to AgCl nanowires as well as reduction 
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of  Fe3+ to Fe2+ ions. In the second step, the Fe2+ ions 
generated in the ﬁrst step reduce Au precursors 
(e.g., NaAuCl
4
) to deposit Au nanoparticles on the 
surfaces of  the AgCl nanowires, resulting in the 
formation of  AgCl:Au composite nanowires. Because 
of  strong surface plasmon resonance and chemical 
inertness of  Au nanoparticles, the as-synthesized 
AgCl:Au nanowires exhibit enhanced absorption 
coefﬁcient in the visible region and enhanced 
chemical stability to prevent them from degradation 
and aggregation. These unique properties enable 
the AgCl:Au nanowires to be used as a class of  
promising plasmonic photocatalysts driven by 
visible light. Preliminary results demonstrate these 
composite nanowires can efﬁciently decompose 
organics, such as methylene blue molecules, under 
illumination of  white light.
7 Nanotechnology
7.1  Production of semiconducting gold–DNA 
nanowires by application of DC bias
There is considerable interest in using DNA nanowires 
or nanotubes in a wide variety of  bioelectronic 
applications and microcircuitry. Rakesh K. Joshi, 
Leigh West, Amrita Kumar, Nidhi Joshi, Subbiah 
Alwarappan and Ashok Kumar, Nanotechnology 
21, 2010 185604 (6pp) Various methods have 
been developed to construct DNA nanostructures. 
Here, we report a novel method to construct 
semiconducting DNA nanowires by applying a 
suitable DC bias to a gold plating solution containing 
double-stranded DNA. The self-assembled nanowires 
fabricated by this method contain attached gold 
nanoparticles. Further, we report that the dimensions 
of  the nanowires can be easily manipulated by 
altering the applied DC bias. We also conﬁrmed 
the semiconducting nature of  the DNA nanowires 
by studying their resistance-temperature behavior 
from 25 to 65°C in a microelectrode system. These 
studies describe a simple process by which gold-
decorated, semiconducting DNA nanowires could be 
created and may lead to a breakthrough in the ﬁeld 
of  self-assembly of  nanometer-scale circuits. The 
self-assembled structures do have some similarity 
with tube-like structures but in the present work we 
are using the term ‘DNA nanowires’ to deﬁne the 
structures.
7.2  Photo-initiated miniemulsion polymerization 
as a route to the synthesis of gold 
nanoparticle encapsulated latexes
Adrian V. Fuchs and Geoffrey D. Will, Polymer 51, 
2010 2119, report the ﬁrst use of  photo-initiated 
miniemulsion polymerization for the synthesis of  well 
deﬁned poly(methyl methacrylate) (PMMA) latexes. 
Furthermore, the application of  photo-initiation 
is employed to the incorporation of  decanethiol-
capped gold nanoparticles (AuNPs). The procedure 
provides a low temperature polymerization for an 
oil-in-water miniemulsion with temperatures not 
exceeding 40°C and polymerization times of  only 
one hour. Using these mild reaction conditions 
allows the use of  miniemulsion polymerization for 
the encapsulation of  temperature sensitive species 
within the latex. Furthermore, we demonstrate the 
applicability of  this method for the incorporation of  
decanethiolcapped AuNPs. Particle size distribution 
and morphology was studied using dynamic light 
scattering (DLS), scanning electron microscopy 
(SEM) and transmission electron microscopy (TEM). 
PMMA latexes ranged between 100 and 200 nm 
in diameter showing good particle size distribution 
and tendencies to form semi-ordered domains. We 
show that variations in surfactant, hydrophobe and 
initiator concentrations behave in the same manner 
as miniemulsions initiated through conventional 
thermal methods. TEM observations revealed that 
the latexes with encapsulated AuNPs displayed 
even distributions of  AuNPs throughout the PMMA 
latex with no aggregation witnessed.
7.3  Development of Au nanoparticles dispersed 
carbon nanotube-based biosensor for the 
detection of paraoxon
A disposable and sensitive biosensor has 
been fabricated for the detection of  the 
organophosphorous (OP) compound paraoxon 
using an amperometric technique. Neetu Jha and 
Sundara Ramaprabhu, Nanoscale, 2010, 2, 806 
DOI: 10.1039/b9nr00336c. For the measurements, 
gold nanoparticles dispersed on the outer surface 
of  multiwalled carbon nanotubes (Au-MWNTs) has 
been used as the electrode material, as it possesses 
high electron transfer rates and provides large 
immobilization sites for the bioenzymes, which 
combines with the high electrocatalytic activity of  
MWNTs for thiocholine oxidation at low potential. 
Au-MWNTs have been synthesized by chemically 
reducing Au salt over functionalized MWNTs, and the 
same has been characterized by X-ray diffraction 
(XRD), transmission electron microscopy (TEM) and 
high resolution transmission electron microscopic 
(HRTEM) techniques. The ability of  the Au-MWNTs 
nanocomposite-based biosensor has been 
demonstrated to reliably measure the concentration 
of  paraoxon in the nanomolar range.
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7.4  An optical biosensing platform for 
proteinase activity using gold nanoparticles
The surface plasmon resonance (SPR) wavelength 
of  colloidal gold nanoparticles (AuNPs) can vary 
when the AuNPs aggregate, have different sizes or 
shapes, or are modiﬁed with chemical molecules. 
Yao-Chen Chuang, Jung-Chun Li, Sz-Hau Chen, 
Ting-Yu Liu, Ching-Han Kuo, Wei-Ting Huang and 
Chih-Sheng Lin, Biomaterials, 31, 23, 2010, 6087. 
In this study, an optical biosensing platform for a 
proteinase activity assay was established based 
on the SPR property of  AuNPs. The 13-nm AuNPs 
were modiﬁed with gelatin (AuNPs-gelatin) as a 
proteinase substrate and subsequently modiﬁed with 
6-mercaptohexan-1-ol (MCH) (AuNPs/MCH-gelatin). 
After proteinase (trypsin or gelatinase) digestion, the 
AuNPs lose shelter, and MCH increases the attractive 
force between the modiﬁed AuNPs. Therefore, the 
AuNPs gradually move closer to each other, resulting 
in AuNPs aggregation. The AuNPs aggregation can 
be monitored by the red shift of  surface plasmon 
absorption and a visible color change of  the AuNPs 
is from red to blue. Such a color change can be 





, of  the reacted AuNPs 
solution can be used to estimate quantitatively the 
proteinase activity. A linear correlation has been 
established with trypsin activity at concentrations 
from 1.25 × 10−1 to 1.25 × 102 U and matrix 
metalloproteinase-2 activity at concentrations from 
50 ng/mL to 600 ng/mL.
7.5  Functional and optical properties of Au:TiO2 
nanocomposite ﬁlms: The inﬂuence  
of thermal annealing
A set of  nanocomposite thin ﬁlms consisting of  Au 
nanoclusters dispersed in a TiO
2
 dielectric matrix 
was deposited by reactive magnetron sputtering, 
and subjected to thermal annealing in vacuum, at 
temperatures ranging from 200 to 800°C.M. Torrell, 
L. Cunha, A. Cavaleiro, E. Alves, N.P. Barradas 
and F. Vaz, Applied Surface Science, 256, 22, 1, 
2010, 6536. The obtained results show that the 
structure and the size of  Au clusters, together with 
the matrix crystallinity, changed as a result of  the 
annealing, and were shown to be able to change 
the optical properties of  the ﬁlms and keeping 
good mechanical properties, opening thus a wide 
number of  possible applications. The crystallization 
of  the gold nanoclusters induced by the annealing 
was followed by a systematic change in the overall 
coating behaviour, namely the appearance of  
surface plasmon resonance (SPR) behaviour. This 
effect enables to tailor the thin ﬁlms reﬂectivity, 
absorbance and colour coordinates, contributing to 
the importance of  this thin ﬁlm system. The different 
attained optical characteristics (reﬂectance values 
ranging from interference to metallic-like behaviours 
and colour varying for interference rainbow-like to 
several tones of  red-brownish), associated with a 
reasonable mechanical resistance of  the coatings 
(good adhesion to different substrates and hardness 
values ranging from 5 to 7.5 GPa), induce the 
possibility to use this ﬁlm system in a wide range of  
decorative applications.
